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3৔ʹΑͬͯϓϥζϚΛด͡ࠐΊΔ૷ஔʮLevitated Dipole Experiment (LDX)ʯΛ։ൃ͠ɼ
ߴ β ͳϓϥζϚด͡ࠐΊͷݚڀΛߦ͍ͬͯΔ [5, 6]ɽ
·ͨɼ໦੕࣓ؾݍʹด͡ࠐΊΒΕΔϓϥζϚ͕τϩΠμϧํ޲ʹߴ଎ճసྲྀΛ͍ͯ͠
Δ͜ͱ΋ɼ؍ଌ݁Ռ͔Β෼͔͍ͬͯΔ[1, 2](ਤ1.1)ɽ͜ͷݱ৅ʹؔͯ͠S. M. Mahajanͱ
Z. Yoshida ͸ 2 ࣓ؾྲྀମ؇࿨ཧ࿦Λఏএ͠ [7, 8, 9]ɼ͜ͷߴ଎ճసྲྀ͕໦੕࣓ؾݍʹ͓͚
ΔϓϥζϚͷ௒ߴ β ϓϥζϚฏߧঢ়ଶΛ࣮ݱ͍ͤͯ͞Δ͜ͱΛࣔͨ͠ɽͦ͜Ͱզʑͷݚ
ڀࣨͰ͸ɼ͜ͷ໦੕࣓ؾݍʹด͡ࠐΊΒΕΔϓϥζϚΛϞσϧͱͨ͠ϓϥζϚ࣮ݧ૷ஔ




4ਤ 1.1 ໦੕࣓ؾݍϓϥζϚͷճసྲྀߴЌฏߧͷཧ࿦Ϟσϧ [10]












































RT-1 Ͱ͸ϚΠΫϩ೾Λ༻͍ͯ ECH(ిࢠαΠΫϩτϩϯՃ೤) ϓϥζϚΛੜ੒͍ͯ͠
Δɽ͜ͷϚΠΫϩ೾Λൃੜͤ͞Δ૷ஔͱͯ͠ɼRT-1 ʹ͸8.2GHz ͷϚΠΫϩ೾ݯRF1 ͱ
2.45GHz ͷϚΠΫϩ೾ݯ RF2 ͕͋ΔɽECH Ͱ͸ϚΠΫϩ೾ͷप೾਺͕࣓৔தͷిࢠͷ
















9ਤ 1.5a ECH ϓϥζϚด͡ࠐΊ༷ࢠ 1




























ڀͰ͸ɼZ ϐϯνϞσϧʹ͓͚Δཧ࿦తͳ β ஋༧ଌͷݚڀ΋ߦΘΕ͍ͯΔ [16]ɽ


















ਤ 1.6 ηύϥτϦοΫεΛؚΉ RT-1 ࣓৔഑Ґͷ༷ࢠ
1.4.3 ࣓ྗઢฏߦํ޲ͷղੳ΋ؚΊͨݚڀ
࣓ؾݍܕϓϥζϚด͡ࠐΊʹ͓͚Δѹྗۦಈෆ҆ఆੑʹର͢Δղੳ͸ɼA. N. Simakov


















ຊݚڀʹ͓͚ΔRT-1 ϓϥζϚฏߧʹଈͨ҆͠ఆੑղੳΛߦ͏ͨΊʹ͸ɼ ʮRT-1 ฏߧ
ղੳίʔυʯ ɼ ʮϚοϐϯάίʔυʯ ɼ ʮ҆ఆੑղੳίʔυʯͷ3ͭͷ਺஋ܭࢉίʔυʹΑΔ
ܭࢉ޻ఔ͕ඞཁͱͳΔɽͦΕͧΕͷίʔυʹ͍ͭͯ؆୯ʹઆ໌Λ͢Δɽ
141.5.1 RT-1ฏߧղੳίʔυ
͜ͷίʔυ͸ɼJ. Shiraishi ͱ M. Furukawa ʹΑͬͯ։ൃ͞Εͨ RT-1 ͷϓϥζϚฏߧ
ঢ়ଶΛٻΊΔܭࢉίʔυͰ͋ΔɽԾఆ͞Εͨѹྗ෼෍ p(ψ) ʹରͯ͠ɼ࣠ରশ഑Ґͷԁப
࠲ඪܥ(R,ϕ,Z)Λ༻͍ͨGrad-ShafranovํఔࣜΛղ͖ɼͦͷղΛ࣓ଋؔ਺ψ(R,Z)ͱ͠


















































·ͣ 4.1 અͰ͸ɼ ʮηύϥτϦοΫεʯΛಋೖ͢Δ͜ͱͷҙٛʹ͍ͭͯड़΂ɼ4.2 અͰηύ
ϥτϦοΫε഑Ґʹ͓͚Δ҆ఆԽޮՌͱͦͷ෺ཧతҙຯʹ͍ͭͯߟ࡯͢Δɽ·ͨ4.3અͰ
͸ɼ࣓৔ڧ౓͕ۃ୺ʹখ͘͞ͳΔ৔ॴۙ๣ʹ͓͚Δ෺ཧݱ৅ʹ͍ͭͯઆ໌͢Δɽ













































(∇ × B) × B − ∇p, (2.1)
∂B
∂t
= ∇ × (V × B), (2.2)
∂ρ
∂t








) = 0. (2.4)









µ0ρ∗ɼ࣌ؒt∗ = L∗/vA ʹΑͬͯن֨Խ͢Δɽ͋Δ෺ཧྔʮAʯʹର͠ɼن֨Խ





+ ( ˆ V · ˆ ∇) ˆ V
)
= (ˆ ∇ × ˆ B) × ˆ B − ˆ ∇ˆ p, (2.5)
∂ ˆ B
∂ˆ t
= ˆ ∇ × ( ˆ V × ˆ B), (2.6)
∂ˆ ρ
∂ˆ t















+ (V · ∇)V
)
= (∇ × B) × B − ∇p, (2.9)
∂B
∂t
= ∇ × (V × B), (2.10)
∂ρ
∂t












ࣜΛઢܗԽ͢Δɽ࣓৔ Bɼྲྀ଎ V ɼ ѹྗ pɼ ີ౓ ρ Λ
B = B0 + B1, (2.13)
V = 0 + V1, (2.14)
ρ = ρ0 + ρ1, (2.15)
p = p0 + p1 (2.16)
ͷΑ͏ʹ͢Δͱɼ0 ࣍ͷ߲ʹ͍ͭͯ͸





= (∇ × B0) × B1 + (∇ × B1) × B0 − ∇p1, (2.18)
∂B1
∂t
= ∇ × (V1 × B0), (2.19)
∂ρ1
∂t
+ ∇ · (ρ0V1) = 0, (2.20)
∂p1
∂t
+ (V1 · ∇)p0 + γp0∇ · V1 = 0 (2.21)
ͱͳΔɽϓϥζϚ͕ฏߧͳͱ͖ͷҐஔ r0 ͔ΒͷมҐΛ (r0,t) ͱ͢Δͱ








21Ͱ͋Δɽ Λ༻͍ͯ (2.18)ʙ(2.21) Λॻ͖ද͢ͱ
ρ0
∂2
































B1 = ∇ × ( × B0), (2.28)
ρ1 + ∇ · (ρ0) = 0, (2.29)





∂t2 = F(), (2.31)
F() = [(∇ × B) × Q + (∇ × Q) × B] + ∇(γp∇ ·  +  · ∇p). (2.32)








2 = F() (2.33)
22Λղ͍ͯɼω2 < 0 ͷ ݻ༗஋͕ݟ͔ͭΕ͹ɼͦͷܥ͸ࢦ਺ؔ਺తʹෆ҆ఆͱ͍͏͜ͱʹ
ͳΔɽ
࣍ʹɼۭؒͷΈͷؔ਺(r)ʹ͍ͭͯɼFourierϞʔυల։ΛࢼΈΔɽ࣓ྗઢΛۂ͛ͳ͍
ۭؒߏ଄͕࠷΋ෆ҆ఆʹͳΓ΍͍͢ͱߟ͑ΒΕΔͷͰɼ(r) = (ψ,θ)ein ͱԾఆ͢Δɽ͜
͜Ͱɼ(ψ,θ,ζ) ͸࣓ؾ࠲ඪͰ͋ΓɼͦΕͧΕ࣓ଋؔ਺ɼϙϩΠμϧ֯ɼτϩΠμϧ֯Ͱ͋
Γɼn͸τϩΠμϧϞʔυ਺Ͱn ≫ 1͕Ծఆ͞Ε͍ͯΔɽ͜Ε͸ɼein ͷ෦෼͕࣓ྗઢΛ
ԣ੾Δ଎͍ৼಈΛද͠ɼein ͕Ώͬ͘ΓมԽ͢ΔΤϯϕϩʔϓΛදͤ͹ɼn ≫ 1Λ༻͍ͯ
εέʔϧ௕෼཭Ͱ͖Δ͜ͱΛར༻͢ΔɽΞΠίφʔϧ S Λಋೖͯ͠
(r) = ˆ (ψ,θ)e
inS( ;;) (2.34)
ͱද͠ɼ
B · ∇S = 0, (2.35)
ͭ·Γฏߧ࣓৔ʹԊͬͨ଎͍ৼಈ͸ͳ͍ͱԾఆ͢Δͱɼ
S = ζ + S0(ψ) (2.36)
ͱͰ͖Δɽ೾਺ϕΫτϧ͸ΞΠίφʔϧͷۭؒඍ෼Ͱఆٛ͞ΕΔͷͰɼ




















































(−2)(ˆ ) + inF
(−1)(ˆ ) + F
(0)(ˆ ) (2.41)
F
(−2)(ˆ ) = − (B
2 + γp)(ˆ  · ∇S)∇S (2.42)
F
(−1)(ˆ ) =[−( ˆ Q · B)∇S + B × [∇ × (ˆ  · ∇S)B] − (ˆ  · ∇S)(∇ × B) × B] (2.43)
+ γp(∇ · ˆ )∇S + ∇(γpˆ  · ∇S) + (ˆ  · ∇p)∇S
F














2 + γp)(ˆ  · ∇S)∇S = 0 (2.46)
Ͱ͋Δɽ͞Βʹ B2 + γp ̸= 0 ΑΓɼ






Ͱ͋Δɽ(2.37)(2.47) ͔Βɼˆ  ͸ 0 ࣍ͷ ˆ k ੒෼Λ࣋ͨͳ͍ͷͰɼ







B × ˆ k








































(0) · B) + γp(∇ · ˆ 




































−∇(B · ˆ Q
(0)) + B · ∇ ˆ Q





γp(∇ · ˆ 





(B · ∇ξk)B − B
2∇ξk + 2ξk(∇ × B) × B + ( ˆ Q
(0) · B)∇S
]
− γp(∇ · ˆ 
(0))∇S − (ˆ 
(0) · ∇p)∇S (2.53)
͕ٻΊΒΕΔɽ






B2 ξ⊥ =B · ∇
(
|ˆ k|2




B × ˆ k
B2 · 
)(








B × ˆ k
B2 · 
)[(

























͜͜Ͱɼ ≡ b · ∇b ͸࣓৔ۂ཰Ͱ͋Δɽ(2.54) ͕ࣜ B × ˆ k ํ޲੒෼ɼ(2.55) ͕ࣜ B ํ޲
੒෼ͷํఔࣜͰ͋Γɼ(2.54)ࣜͷࠨลୈ1 ߲͕γΞΞϧϑϕϯ೾ͷ߲ɼୈ2 ߲͕ѹྗۦಈ













B2 ξ⊥ = B · ∇
(
|ˆ k|2




B × ˆ k
B2 · 
)(






ѹॖੑϞσϧͷݻ༗ํఔࣜ (2.54)(2.55) ͱѹॖੑແࢹϞσϧͷݻ༗ํఔࣜ (3.1) ΛͦΕ
ͧΕݻ༗஋໰୊ͱͯ͠ղ͖ɼͦͷෆ҆ఆੑͷ੒௕཰ͷग़ํΛൺֱ͢Δ͜ͱʹ͢Δɽ
ਤ 3.1a ͸Ծఆ͞Εͨѹྗ෼෍ p(ψ) ∝ (ψ1 − ψ)(ψ − ψ2)2 (ψ1:ϓϥζϚͷ಺ଆڥք
(R=0.4m) ʹ͓͚Δ࣓ଋؔ਺ɼψ2:ϓϥζϚͷ֎ଆڥք (R=1.0m) ʹ͓͚Δ࣓ଋؔ਺) Ͱ
26͋Δɽਤ 3.1a Ͱ͸ѹྗͷϐʔΫ͕ 1 ʹن֨Խ͞Ε͍ͯΔ͕ɼܭࢉͰԾఆͨ͠ѹྗͷϐʔ
Ϋ஋͸ 1/2µ0 × 10−4Pa Ͱ͋Δɽ͜ΕΛ༻͍ͨ RT-1 μΠϙʔϧ࣓৔഑ҐʹΑΔฏߧܭࢉ
Ͱ͸ɼہॴత࠷େ β ஋ βmax = 0.12ɼମੵฏۉ β ஋ ⟨β⟩ = 0.035 ͱͳ͍ͬͯΔɽ
ਤ 3.1a p(ψ) ∝ (ψ1 − ψ)(ψ − ψ2)2 ͷѹྗ෼෍
ਤ 3.1b p(ψ) ∝ (ψ1 − ψ)(ψ − ψ2)2 ͷѹྗޯ഑෼෍
27·ͨɼฏߧܭࢉ͔ΒಘΒΕͨฏߧ࣓৔഑ҐͷϙϩΠμϧஅ໘ͷ෼෍Λࣔͯͨ͠΋ͷ͕ਤ
3.2 Ͱ͋Δɽ
























































B × ˆ k
B2 ɼ∥ = ξ∥BɼQ2
⊥ =
|ˆ k|2





∗,) > 0 (3.5)
ͳΒ͹ɼͦͷܥ͸҆ఆͱͳΔɽٯʹɼ(2.54)(2.55) Ͱݻ༗஋໰୊ͱͯ͠ٻΊͨඍখมҐ 
Λ༻͍Ε͹ɼ҆ఆͳϞʔυʹରͯ͠͸δW(∗,) > 0Ͱ͋Γɼෆ҆ఆͳϞʔυʹରͯ͠͸











30Ґ ⊥ = ξ⊥
B × ˆ k























































































ϧͷݻ༗஋ղੳͰ͸ ⊥ ͷΈͷ׳ੑؚ͔͠·Ε͓ͯΒͣɼ∥ ͷ׳ੑ͸ߟྀ͞Ε͍ͯͳ͍ɽ







⊥ ͱ ∥ ͷӡಈΤωϧΪʔൺ཰ͷܘํ޲มԽ
લ߲ʹ͓͍ͯɼ࣓ྗઢฏߦํ޲ͷӡಈΛߟྀ͠ͳ͍͜ͱ͕ղੳ݁ՌʹӨڹΛ༩͑Δͱࢦ
ఠ͕ͨ͠ɼܘํ޲ʹରͯͦ͠ͷӨڹ͕Ͳͷఔ౓ݱΕΔͷ͔Λ֬ೝ͢Δɽ


































































Ռʹ͓͚ΔμΠϙʔϧ࣓৔഑Ґ(ਤ3.2) ʹ͓͍ͯɼίΠϧ֎ଆྖҬͷ੺ಓ໘্Λθ = 0 ͱ




































3.2.6 ߲ʹΑΔߟ࡯͔Βɼ⊥ ͱ ∥ ͷ߲ΛؚΉѹॖੑͷΤωϧΪʔີ౓߲͸⊥ ͱ ∥ ͷ
ӡಈΤωϧΪʔൺ཰͕มΘΔ͜ͱͰɼܘํ޲ʹର͢Δ҆ఆԽޮՌͷৼΔ෣͍΋มΘͬͯ͘
Δͱ༧૝͞ΕΔɽͦ͜Ͱɼܘํ޲ʹର͢Δѹॖੑͷ҆ఆԽޮՌͷมԽΛ֬ೝ͢Δɽ
ਤ 3.9a ʹ͓͍ͯ K⊥ : K∥ = 0.2 : 0.8 ͱͳΔ R=0.57mɼK⊥ : K∥ = 0.5 : 0.5 ͱͳΔ






ܘํ޲ʹରͯ͠಺ଆͷ࣓ྗઢ΄Ͳ࣓৔ڧ౓͸ڧ͘ͳ͓ͬͯΓ (ਤ 3.12a)ɼ⊥ ͸খ͘͞





ਤ 3.12f ͔ΒΘ͔Δɽ͜Ε͸ɼѹॖੑͷΤωϧΪʔ͸ࣜ (3.3) ͷୈ 2 ߲Ͱࣔ͞ΕΔΑ͏ʹ





























ϥζϚมҐ ⊥ ͱ ∥ ͷܘํ޲มԽʹӨڹ͍ͯ͠Δ͜ͱΛઆ໌͢Δɽ
3.3.4 ަ׵ܕෆ҆ఆੑʹର͢Δ҆ఆ৚݅ࣜ









͜͜Ͱ δp ͸ϓϥζϚѹྗͷܘํ޲มԽྔɼδV ͸࣓ଋ؅ͷඍখମੵͷܘํ޲มԽྔͰ͋




















p(ψ) ͕ (3.12) ͷؔ܎ࣜΛຬ͍ͨͯ͠Ε͹ɼগͳ͘ͱ΋ަ׵ܕෆ҆ఆੑʹରͯ͠͸҆ఆͰ
͋Δͱݴ͑Δɽ
















































Ͱ͋Δͱ͖ʹp(ψ) → 0 ͱ͢Δ͜ͱ͕ՄೳͰ͋ΔͱΘ͔Δɽ͔͠͠ͳ͕ΒɼμΠϙʔϧ࣓








dl ∼ R ΑΓɼU ∼ R



















52ਤ 3.15 p(ψ) ∝ ψ20=3 ͷѹྗ෼෍
͔͠͠ɼࣜ(3.18)ͷѹྗ෼෍Λ༻͍ͯɼRT-1ʹ͓͚Δฏߧܭࢉͱ҆ఆੑղੳΛߦ͏ͱɼ
ਤ 3.16 ͷΑ͏ʹΤοδྖҬʹ͓͍ͯෆ҆ఆੑ͕ੜ͡Δ͜ͱ͕֬ೝ͞Εͨɽ·ͨࣜ (3.14)





ਤ 3.16 p(ψ) ∝ ψ20=3 ʹ͓͚Δෆ҆ఆੑͷग़ํ








































B2 ξ⊥ =B · ∇
(
|ˆ k|2




B × ˆ k
B2 · 
)(

























3.20 Ͱ͸ɼݻ༗஋ղੳͷ݁Ռͱൺֱͯ͋͠Δ͕ɼෆ҆ఆੑ͸ R=0.78m ͔Βੜ͓ͯ͡Γɼ
⊥ ͷΈͷݻ༗஋ղੳͰ΋ਤ 3.18 ͷ҆ఆݶքղੳ͸ਖ਼͘͠ද͞Ε͍ͯΔͱ֬ೝͰ͖Δɽ























































ߧͱͳΔ͜ͱ͕Θ͔Δɽ͢ͳΘͪɼ ʮนʯʹ޲͔ͬͯp(ψ) → 0ͱͳΔ෼෍Ͱ͸ΤοδྖҬ


































Εʹ͓͍ͯɼϓϥζϚͷଘࡏൣғΛ0.006 ≤ ψ ≤ 0.015 ʹݻఆ͠ɼѹྗ෼෍͸ಉؔ͡਺ܗ
p(ψ) ∼ ψ7 Λ༻͍Δ͜ͱʹ͢ΔɽѹྗͷϐʔΫ஋Λ1/2µ0 ×10−4 ͱ͠ɼϐʔΫҐஔΛద౰
ͳͱ͜ΖʹఆΊΔͱɼԾఆ͞Εͨѹྗ෼෍͸ਤ 4.1 ͷΑ͏ʹͳΔɽຊষͰ͸ɼ μΠϙʔ
ϧ഑ҐͱηύϥτϦοΫε഑ҐͦΕͧΕʹ͓͍ͯψ ʹରͯ͠ಉ͡ѹྗ෼෍Λ༻͍ΔͷͰɼ
ਤͷԣ͕࣠ψ ʹͳ͍ͬͯΔ͜ͱʹ஫ҙ͢Δɽ·ͨɼԣ࣠͸൓సͯ͠දࣔͯ͋͠Δ(ӈ΄Ͳ
ψ ͕খ͘͞ͳΔ) ͕ɼ͜Ε͸ίΠϧ֎ଆྖҬͷܘํ޲͕ӈΛਖ਼ͱ͍ͯͨͨ͠Ίɼψ ΋ͦͷ
ํ޲ʹ߹Θ͔ͤͨΒͰ͋Δɽ(࣓ଋؔ਺ψ ͸ɼίΠϧ͔Βԕ͘ͳΔ΄Ͳখ͘͞ͳΔ͜ͱʹ
஫ҙ͢Δɽ)
ਤ 4.1a p(ψ) ∼ ψ7 ͷѹྗ෼෍
61ਤ 4.1bp(ψ) ∼ ψ7 ͷѹྗޯ഑෼෍
ਤ 4.1a ͷѹྗ෼෍ʹ͍ͭͯɼ௻্͛ίΠϧແ͠ͷঢ়ଶͰฏߧܭࢉΛͨ͠ฏߧ࣓৔഑Ґ





























M(ψ) ͷ஋ΛٻΊͨ΋ͷ͕ਤ 4.6 Ͱ͋ΔɽηύϥτϦοΫε഑ҐͰ͸ ψ ∼ 0.0064 ͕ X ఺
ΛؚΉηύϥτϦοΫεͱͳ͍ͬͯΔ͜ͱʹ஫ҙ͢ΔɽμΠϙʔϧ഑ҐͰ͸ψ = 0.012͔
Β֎ଆྖҬશҬͰM(ψ) > 0Ͱ͋Γɼ҆ఆ৚݅Λຬ͍ͨͯ͠ͳ͍͕ɼηύϥτϦοΫε഑
ҐͰ͸ ψ ∼ 0.0064 ͷηύϥτϦοΫεͷ಺ଆશҬͰ M(ψ) < 0 Ͱ͋Γɼ҆ఆ৚݅Λຬͨ
͍ͯ͠Δ͜ͱ͕֬ೝͰ͖Δɽ

















લষ3.3.4 ߲ʹ͓͍ͯɼϓϥζϚมҐ⊥ ͱ∥ ͷܘํ޲ʹର͢Δൺ཰มԽ͕ɼ҆ఆ৚݅
஋ M(ψ) ʹؔ࿈͍ͯ͠Δ͜ͱΛઆ໌͕ͨ͠ɼਤ 4.6 ʹ͓͍ͯ M(ψ) ͷܘํ޲෼෍͕μΠ
ϙʔϧ഑ҐͱηύϥτϦοΫε഑ҐͰେ͖͘ҟͳ͓ͬͯΓɼϓϥζϚมҐ ⊥ ͱ ∥ ͷൺ
཰ɼ͢ͳΘͪϓϥζϚͷ ⊥ ํ޲ͱ ∥ ํ޲ʹର͢Δӡಈൺ཰΋େ͖͘ҟͳͬͯ͘Δͱ༧
૝͞ΕΔɽ
























௚ํ޲มҐ ⊥ ͕খ͘͞ͳΓɼฏߦํ޲มҐ ∥ ͕େ͖͘ͳ͍༷ͬͯ͘ࢠ͕֬ೝ͞ΕΔ͕ɼ
ͦΕʹ൐͍ܘํ޲ʹରͯ͠ΤωϧΪʔີ౓ͷ࣓ྗઢํ޲෼෍΋มԽ͍ͯ͘͠ͱߟ͑ΒΕ
Δɽ͜͜Ͱ͸ɼܘํ޲ʹରͯ͠ൺֱత಺ଆͷ࣓ྗઢ(ψ = 0.008) ͱηύϥτϦοΫεۙ๣
ͷ࣓ྗઢ (ψ = 0.0065) ʹ͓͚ΔϓϥζϚͷมҐ෼෍Λൺֱ͢Δ͜ͱͰɼܘํ޲ʹର͢Δ
ϓϥζϚͷӡಈมԽΛ֬ೝ͍ͯ͘͠ɽ
ਤ 4.10 ͸ ψ = 0.008 ͱ ψ = 0.0065 ʹ͓͚Δ࣓ྗઢ্ͷϓϥζϚมҐ ⊥ɼ∥ ΛͦΕͧ
Εද͍ͯ͠Δɽψ = 0.008 ʹ͓͚ΔϓϥζϚมҐ͸μΠϙʔϧ഑Ґʹ͓͚ΔมҐ෼෍ (ਤ
3.10bɼਤ 3.10c) ͱࣅ͍ͯΔ͜ͱ͕Θ͔Δɽ͜Ε͸ ψ = 0.008 ͷ࣓ྗઢ͸ൺֱత಺ଆʹ෼
෍͍ͯ͠ΔͨΊɼ௻্͛ίΠϧʹΑΔ࣓৔ͷӨڹ͕গͳ͍ͨΊͰ͋ΔͱࢥΘΕΔɽҰํɼ
ηύϥτϦοΫεۙ๣ͷ࣓ྗઢ (ψ = 0.0065) ʹ͓͚ΔϓϥζϚมҐ͸ͦͷ෼෍͕େ͖͘
ҟͳ͍ͬͯΔ͜ͱ͕Θ͔Δɽਤ4.7͔ΒηύϥτϦοΫεۙ๣ͷ࣓ྗઢͷํ͕ۂ͛ΒΕʹ
70͍͘ͷͰɼਤ4.9ͷΑ͏ʹϓϥζϚͷ࣓ྗઢਨ௚ํ޲ͷӡಈ͕খ͘͞ͳΔͨΊʹɼ࣓ྗઢ







ΔͨΊ ⊥ ͸খ͘͞ͳ͍͕ͬͯ͘ɼθ ∼ π/3 ෇ۙͰͷมҐ͕ہॴతʹେ͖͘ͳ͍ͬͯ͘͜
71ͱ͕Θ͔Δɽ·ͨਤ 4.11b ͔Β΋ɼηύϥτϦοΫεʹۙͮ͘΄Ͳ θ ∼ π/3 ෇ۙͰͷ ⊥
͕େ͖͘ͳ͍ͬͯ͘͜ͱ͕Θ͔ΔɽηύϥτϦοΫεۙ๣ͷ࣓ྗઢʹ͓͍ͯ͜ͷΑ͏ͳಛ
௃తͳมҐ෼෍ʹͳΔͷ͸ɼθ ∼ π/3෇ۙ͸ηύϥτϦοΫεͷX఺ʹ͍ۙҐஔͰ͋Δͷ










3.3.5߲Ͱड़΂ͨΑ͏ʹɼѹྗ෼෍Λp(ψ) ∼ ψn ͷؔ਺ܗͱͯ͠Ծఆ͠ɼRT-1Ͱͷ҆ఆ
ݶքղੳΛߦ͏ɽ͜͜Ͱ͸·ͣΤοδྖҬʹ͓͚Δෆ҆ఆੑͷग़ํΛ֬ೝ͢ΔͨΊʹɼѹ
ྗ෼෍ͷؔ਺ܗΛ p(ψ) ∼ ψ7 Ͱ༩͑Δ͜ͱʹ͢Δ (ਤ 5.1)ɽ͜ͷѹྗ෼෍ʹରͯ͠ɼϐʔ
ΫѹྗΛ 0Pa ͔Β 500Pa ·ͰมԽͤͯ҆͞ఆݶքղੳΛߦͬͨͱ͜Ζɼ473Pa ΑΓϐʔ
Ϋѹྗ͕ߴ͘ͳΔͱΤοδྖҬʹෆ҆ఆੑ͕ੜ͡ɼ҆ఆݶք (βmax = 0.775) ͱͳΔ͜ͱ
͕Θ͔ͬͨɽ͜ͷͱ͖ͷฏߧ࣓৔഑Ґͷ༷ࢠ͸ਤ 5.2b Ͱ͋ΔɽϐʔΫѹྗ 100Pa Ͱͷฏ
ߧ࣓৔഑Ґ (ਤ 5.2a) ͱൺֱ͢Δͱɼߴ β ͳฏߧͰ͸ɼϓϥζϚͷ൓࣓ੑޮՌʹΑ࣓ͬͯ
৔഑Ґ͕มԽ͠ɼηύϥτϦοΫεͷҐஔ͕ΑΓ֎ଆͷ࣓ྗઢʹҠಈ͢Δ͜ͱ͕Θ͔Δɽ
ਤ 5.1 ѹྗ෼෍ؔ਺ p(ψ) ∼ ψ7 (ϐʔΫѹྗ 100Paɼβmax = 0.081)
74ਤ 5.2a RT-1 ฏߧ࣓৔഑Ґ (௿Ќฏߧ࣌ɿϐʔΫѹྗ 100Paɼβmax = 0.081)
75ਤ 5.2b RT-1 ฏߧ࣓৔഑Ґ (҆ఆݶք࣌ɿϐʔΫѹྗ 473Paɼβmax = 0.775)
76ߴβ ͳϓϥζϚฏߧͰ͸ΤοδྖҬʹෆ҆ఆੑ͕ੜ͕ͨ͡ɼϐʔΫѹྗʹରͯ͜͠ͷෆ
҆ఆੑͷ࠷େ੒௕཰มԽΛϓϩοτ͢Δͱਤ 5.3 ͷΑ͏ʹͳΔɽਤ5.3 ͔Βɼ҆ఆݶքͷ
ϐʔΫѹྗ 473Pa Λ௒͑ΔϓϥζϚฏߧʹ͓͍ͯෆ҆ఆੑ͕ੜ͓ͯ͡Γɼѹྗ͕ߴ͘ͳ
Δ΄Ͳ੒௕཰΋૿େ͍ͯ͘͜͠ͱ͕Θ͔ΔɽϐʔΫѹྗ 480Pa ʹ͓͚Δෆ҆ఆੑͷग़ํ
Λܘํ޲ʹରͯ͠දͨ͠΋ͷ͕ਤ 5.4 Ͱ͋Δɽෆ҆ఆੑ͸ΤοδྖҬͷ R=0.97m ෇ۙͰ
ੜ͍ͯ͡Δ͜ͱ͕Θ͔Δɽ
ਤ 5.3 p(ψ) ∼ ψ7 ʹ͓͚Δ҆ఆݶքղੳ





෍ΛݟΔ͜ͱͰ֬ೝ͍ͯ͘͠ɽϐʔΫѹྗ 100Pa(βmax = 0.081)ɼ300Pa(βmax = 0.328)ɼ
ͦͯ͠ෆ҆ఆੑ͕ग़࢝ΊΔͱ͖ͷϐʔΫѹྗ 480Pa(βmax = 0.777) ͷ 3 ͭͷѹྗ෼෍ (ਤ
5.5) ʹ͓͚Δ҆ఆ৚݅஋ M(ψ) ͷܘํ޲෼෍Λࣔͨ͠΋ͷ͕ਤ 5.6 Ͱ͋Δɽਤ 5.6 Ͱ͸η
ύϥτϦοΫεͷҐஔ͕ϐʔΫѹྗ 100Pa ͷͱ͖ R=0.925mɼ300Pa ͷͱ͖ R=0.965mɼ





͍ͯ͡ΔϐʔΫѹྗ 480Pa ͷͱ͖Ͱ΋ηύϥτϦοΫεۙ๣ͷ࣓ྗઢʹ͓͚Δ M(ψ) ͸
ෛͰ͋ΓɼηύϥτϦοΫεۙ๣ͷ࣓ྗઢͰ͸࣓ྗઢ͕ΑΓۂ͛ΒΕʹ͍ͨ͘Ίʹෆ҆ఆ
ੑ͕ੜ͡ʹ͘͘ͳΔͱ͍͏ 3.3.4 ߲͓Αͼ 4.3.1 ߲Ͱͷߟ࡯͕ਖ਼͍͠ͱ֬ೝͰ͖Δɽ
ਤ 5.5 ѹྗ෼෍ͷൺֱ
78ਤ 5.6 ҆ఆ৚݅஋ M(ψ) ͷܘํ޲มԽͷൺֱ
ਤ5.6͔Β͸ѹྗ͕ߴ͘ͳΔ΄Ͳɼ҆ఆݶք஋͕ਖ਼ํ޲ʹมԽ͢ΔͷͰΤοδྖҬ͕ෆ
҆ఆԽ͍ͯ͘͜͠ͱ͕֬ೝ͞Ε͕ͨɼ͜ͷมԽ͸ߴ β ϓϥζϚʹΑΔ࣓৔഑ҐͷมԽʹ
ݪҼ͕͋Δͱߟ͑ΒΕΔɽߴβ ฏߧͷͱ͖ɼ࣓৔͸ਤ5.2a ͔Βਤ5.2b ͷ෼෍΁ͱ഑Ґ͕
มԽ͍͕ͯ͘͠ɼͦͷมԽʹ൐࣓ͬͯଋ؅ͷൺମੵ΋มԽ͍ͯ͘͠ͱߟ͑ΒΕΔ͔ΒͰ͋






p(ψ) ∼ ψn ͷؔ਺ܗͰ͸ɼnͷ஋͕େ͖͍΄ͲϓϥζϚͷѹྗ͕ߴ͍ྖҬ(ίΞྖҬ)ʹ
͓͚Δѹྗޯ഑͕େ͖͘ͳΓɼίΞྖҬͰෆ҆ఆੑ͕ੜ͡Δ͜ͱ͸౰વߟ͑ΒΕΔɽͦ͜
Ͱຊ߲Ͱ͸nͷେ͖͍ѹྗ෼෍ʹ͓͍ͯɼѹྗΛ্͛ͨͱ͖ʹίΞྖҬʹ͓͚Δෆ҆ఆੑ
͕ͲͷΑ͏ʹมԽ͢Δ͔Λ֬ೝ͢ΔͨΊɼؔ਺ܗΛp(ψ) ∼ ψ7ΑΓٸޯ഑ͱͳΔp(ψ) ∼ ψ8
Ͱ༩͑ͯ҆ఆੑղੳΛߦ͏ɽ௿β ͳฏߧͱͯ͠ϐʔΫѹྗ100Pa(βmax = 0.076)Ͱͷѹྗ
෼෍͸ਤ 5.8 ͷΑ͏ʹͳΓɼp(ψ) ∼ ψ7 ͷϐʔΫѹྗ 100Pa(βmax = 0.081) ͷ෼෍ͱൺֱ
͢ΔͱίΞྖҬʹ͓͍ͯޯ഑͕େ͖͘ͳΔ͜ͱ͕͔֬ΊΒΕΔɽ͜ͷ෼෍ʹରͯ҆͠ఆੑ
ղੳΛߦ͏ͱɼίΞྖҬʹ͓͍ͯෆ҆ఆੑ͕ੜ͡Δ͜ͱ͕֬ೝ͞Εͨ (ਤ 5.9)ɽ
80ਤ 5.8 ѹྗ෼෍ؔ਺ p(ψ) ∼ ψ7 ͱ p(ψ) ∼ ψ8 (ϐʔΫѹྗ 100Pa) ͷൺֱ
ਤ 5.9 ίΞྖҬʹ͓͚Δෆ҆ఆੑ (ϐʔΫѹྗ 100Paɼβmax = 0.076)
࣍ʹɼ͜ͷؔ਺ܗ p(ψ) ∼ ψ8 ʹରͯ͠ɼϐʔΫѹྗΛ 0Pa ͔Β 500Pa ·Ͱ༩͑ͯ҆ఆ
ݶքղੳΛߦ͍ɼෆ҆ఆੑͷ੒௕཰͕ͲͷΑ͏ʹมԽ͢Δ͔Λௐ΂ͨͱ͜Ζɼѹྗ͕ߴ͘
ͳΔͱίΞྖҬʹ͓͚Δෆ҆ఆੑ͕ແ͘ͳΔͱ͍͏݁ՌΛಘͨɽϐʔΫѹྗʹର͢Δෆ҆
ఆੑͷ࠷େ੒௕཰Λϓϩοτͨ͠΋ͷ͕ਤ 5.10 Ͱ͋Δ͕ɼ௿ β ฏߧʹ͓͚ΔίΞྖҬͰ
ͷෆ҆ఆੑ͕ϐʔΫѹྗ 238Pa(βmax = 0.213) ͷͱ͖ʹ҆ఆԽ͞Ε͍ͯΔ͜ͱ͕Θ͔Δɽ
ͦͯ͠͞ΒʹϐʔΫѹྗΛ্͍͛ͯ͘ͱɼ410Pa(βmax = 0.470) ΑΓߴ͍ϐʔΫѹྗͰͷ
ϓϥζϚฏߧʹ͓͍ͯΤοδྖҬͰͷෆ҆ఆੑ͕ੜͨ͡ɽ
81ਤ 5.10 p(ψ) ∼ ψ8 ʹ͓͚Δ҆ఆݶքղੳ
͜ͷΑ͏ͳߴ β ฏߧʹͳΔ͜ͱͰίΞྖҬʹ͓͚Δෆ҆ఆੑ͕҆ఆԽ͞ΕΔ͜ͱͷ
ཁҼΛௐ΂ΔͨΊʹɼϐʔΫѹྗ 100Pa(βmax = 0.076)ɼ҆ఆԽ͞Ε͍ͯΔϐʔΫѹྗ
300Pa(βmax = 0.291)ɼͦͯ͠ෆ҆ఆੑ͕࠶ͼग़࢝ΊΔͱ͖ͷϐʔΫѹྗ 420Pa(βmax =
0.490) ͷ 3 ͭͷѹྗ෼෍ (ਤ 5.11) ʹ͓͚Δ҆ఆ৚݅஋ M(ψ) ͷܘํ޲෼෍ΛٻΊͨ (ਤ
5.12)ɽਤ 5.12 ͔ΒɼϐʔΫѹྗ 100Pa ͷͱ͖ʹ͸ίΞྖҬʹ͓͍ͯ M(ψ) > 0 ͱͳͬͯ
͍ͨ΋ͷ͕ɼѹྗ্͕͕Δ (ϐʔΫѹྗ 300Pa) ͱ M(ψ) < 0 ͱͳ͓ͬͯΓɼίΞྖҬʹ
ੜ͍ͯͨ͡ෆ҆ఆੑ͕҆ఆԽ͞Εͨ͜ͱ͕֬ೝ͞ΕΔɽͦͯ͠͞Βʹѹྗ্͕͕Δ(ϐʔ
Ϋѹྗ 420Pa) ͱɼΤοδྖҬʹ͓͍ͯ M(ψ) > 0 ͱͳΓɼෆ҆ఆੑ͕ੜ͡Δ༷ࢠ΋͔֬
ΊΒΕΔɽ͜ͷ M(ψ) ͷมԽͷཁҼΛௐ΂ΔͨΊʹɼίΞྖҬʹ͓͚Δ࣓ଋ؅ͷൺମੵ





ਤ 5.12 ҆ఆ৚݅஋ M(ψ) ͷܘํ޲มԽͷൺֱ
83ਤ 5.13a ࣓ଋ؅ൺମੵͷܘํ޲෼෍ͷൺֱ



































લઅ·ͰͷղੳʹΑΓɼѹྗ෼෍ؔ਺p(ψ) ∼ ψ7 ͷ҆ఆݶք͸ɼΤοδྖҬͰͷෆ҆ఆ
ੑʹΑΓ্ݶ͕ βmax = 0.775 (ϐʔΫѹྗ 473Pa) ͱͳΓɼ·ͨѹྗ෼෍ؔ਺ p(ψ) ∼ ψ8
ͷͱ͖͸ίΞྖҬʹ͓͚Δෆ҆ఆੑʹΑͬͯԼݶ͕ βmax = 0.213 (ϐʔΫѹྗ 238Pa) ʹ
ܾ·ΓɼΤοδྖҬʹ͓͚Δෆ҆ఆੑʹΑ্ͬͯݶ͕ βmax = 0.470 (ϐʔΫѹྗ 430Pa)
ʹܾ·Δ͜ͱ͕Θ͔ͬͨɽಉ༷ʹͯ͠ ѹྗ෼෍ؔ਺ p(ψ) ∼ ψn ͷ n Λม͑ͯ҆ఆݶքղ
ੳΛߦ͏ͱɼ҆ఆͳϓϥζϚฏߧ͕औΓಘΔϐʔΫѹྗͱ β ஋ͷൣғ͸ n ͷ஋ʹΑͬͯ
ҟͳΓɼਤ 5.14ɼਤ 5.15 ͷΑ͏ʹͳΔɽ྆ਤͰ͸ෆ҆ఆྖҬʹࣼઢΛҾ͍ͯ͋Γɼͨ͠
͕ͬͯ҆ఆͳϓϥζϚฏߧͷൣғ͸ࣼઢ͕Ҿ͔Ε͍ͯͳ͍ྖҬͰ͋Δɽ
86ਤ 5.14 ҆ఆฏߧͳϐʔΫѹྗྖҬ
ਤ 5.15 ҆ఆฏߧͳ β ஋ྖҬ
87ਤ 5.14ɼਤ 5.15 Ͱ͸ɼԣ࣠ʹ n Λऔͬͯ͋Γɼӈଆ΄ͲίΞྖҬʹ͓͍ͯѹྗ͕ٸޯ
഑ʹͳΔ෼෍ͱͳ͍ͬͯΔɽ͕ͨͬͯ͠ɼn > 7.6 Ͱ͸ίΞྖҬʹ͓͚Δٸͳѹྗޯ഑ͷ
ͨΊʹ௿β ྖҬͰෆ҆ఆੑ͕ੜ͡ɼ҆ఆݶք͕ఆ·͍ͬͯΔ͜ͱ͕Θ͔Δɽn͕খ͘͞ͳ











































RT-1 Ͱ͸ߴ β ฏߧʹͳΔʹ࿈Εͯɼ࣓৔഑ҐͷมԽʹΑΓίΞྖҬͰ͸҆ఆԽ͠ɼ
ΤοδྖҬͰ͸ෆ҆ఆԽ͍ͯ͘͜͠ͱ͕໌Β͔ʹͳͬͨɽ͢ͳΘͪɼίΞྖҬͰͷ












B = I∇ϕ + ∇ψ × ∇ϕ (A.1)
ͱද͢ͱɼిྲྀີ౓͸ Amper` e ͷ๏ଇ͔Β
µ0J = −(∆
∗ψ)∇ϕ + ∇I(ψ) × ∇ϕ (A.2)
ͱද͞Εɼ͞Βʹ MHD ฏߧΛهड़͢Δ Grad-Shafranov ํఔࣜ͸
∆








ͱͳΔɽ͜͜ͰɼJt ≡ J ·(R∇ϕ)͸τϩΠμϧిྲྀີ౓ɼµ0 ͸ਅۭಁ࣓཰ɼp͸ϓϥζϚ




















ͳ͓ɼ(A.3) ࣜͷ෦෼͸ MHD ͱؔ܎ͳ͘ɼίΠϧʹΑΔిྲྀ΋ؚΊ࢖ͬͯྑ͍ؔ܎ࣜ
Ͱ͋Δɽ(A.3) ͔ࣜΒ (A.4) ࣜ΁ͷ౳߸͸ɼMHD ฏߧํఔ͔ࣜΒग़ͯ͘Δ΋ͷͰ͋Δɽ












































1 − k2 sin2 θ (A.11)

















·ͣɼ∂S ্Ͱ ˆ ψ = 0 ͱ͍͏ڥք৚݅ͷԼɼ
∆



























dl ͸∂S ʹԊͬͨઢੵ෼Λද͠ɼ∂/∂n͸∂S ্ͰS ͔Β֎޲͖๏ઢํ
޲ʹඍ෼͢Δ͜ͱΛҙຯ͢Δɽu ʹ ˆ ψ Λɼv ʹ G Λ୅ೖ͠ɼ੔ཧ͢Δͱɼ



























ฏߧܭࢉͰ͸ (R,Z) ฏ໘಺ʹɼ௕ํܗͷܭࢉྖҬΛఆΊɼܘํ޲ R ʹରͯ͠ Rmin ≤




















͕ࣔ͞Εͨɽಛʹ N = 128 Ͱ͸ɼ҆ఆݶք΋ҟͳ͍ͬͯΔ͜ͱ͕ࣔ͞Ε͓ͯΓɼάϦο
υ਺͕গͳ͍ฏߧܭࢉͰͷղੳ݁ՌΛ༻͍ͨ҆ఆੑղੳ͸ɼޡͬͨ҆ఆݶք஋ΛٻΊΔڪ
Ε͕͋Δɽ





Α͏ʹࢥ͑ΔɽҰํɼN = 512,1024 ʹ͓͚ΔղੳͰ͸ਤ B.1ɼਤ B.2 ڞʹ݁Ռ͕Ұக͠
͍ͯΔ͜ͱ͕֬ೝ͞Εͨɽ͕ͨͬͯ͠ɼ҆ఆݶքղੳͰ͸ N = 512 Ͱͷฏߧղੳ݁ՌΛ
༻͍Ε͹ॆ෼Ͱ͋Δͱߟ͑ΒΕΔɽ


















2|∇ · ⊥ + 2⊥ · |
2 + γp|∇ · |
2






τΧϚΫܕϓϥζϚͳͲͰ͸ɼѹॖੑʹؔΘΔ∇ ·  ͷ߲͸ϙςϯγϟϧΤωϧΪʔʹ
ରͯ͠ਖ਼ͷد༩Λ͠ɼ҆ఆԽʹಇ͘ͷͰɼϙςϯγϟϧΤωϧΪʔΛ࠷খԽͤ͞Δةݥͳ
มҐͱͯ͠ඇѹॖੑΛߟ͑ɼ









B2 ξ⊥ =B · ∇
(
|ˆ k|2




B × ˆ k
B2 · 
)(







B × ˆ k
B2 · 
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͜ͷ࿈ཱํఔࣜ͸ɼѹॖੑϞσϧͷݻ༗ํఔࣜ (2.54)(2.55) ʹରͯ͠ γ → ∞ ͱͨ͠ͱ͖
ͱಉ͡ܗͰ͋Γɼ͢ͳΘͪඇѹॖ৚݅(C.2)Λ՝ͯ͠ํఔࣜΛಋग़ͯ͠΋ѹॖੑʹؔ͢Δ
߲͸ํఔࣜʹ࢒Δ͜ͱ͕Θ͔Δɽ͜͜Ͱɼ͜ͷඇѹॖੑϞσϧͷݻ༗ํఔࣜ (C.3)(C.4)
ʹΑΔݻ༗஋ղੳΛ 3.1 અͱಉ༷ʹμΠϙʔϧ࣓৔഑Ґʹ͓͍ͯѹྗ෼෍ؔ਺ p(ψ) ∝
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